Bacillus anthracis produces a toxin both in vitro and in vivo which, when injected intravenously into rats, brings about the death of the animals accompanied by gross pulmonary edema. Lung tissue removed prior to death showed, in vitro, a 30% reduction in overall oxidative metabolism (Qo,), whereas the nicotinamide adenine dinucleotide (NAD)-independent succinic dehydrogenase remained unaffected. The NAD concentration in the lungs of injected animals was reduced by 50%, Upon addition of NAD, the Qo, of lung tissue from injected animals rose to control values. At 45 min after toxin injection, the serum lactate concentration began to rise, showing about a 3.5-fold increase over controls after 75 min. No changes occurred in the pyruvate concentration. These changes may be explained by increased use of the pyruvate for glycolytic energy production with further loss of NAD. Additional experiments with liver, spleen, kidney, and brain tissues showed that the toxin-induced reduction of Qo, is an effect specific for lung tissue. Brain tissue showed a significant increase in oxidative metabolism upon the addition of the toxin, whereas the other tissues remained unaffected. It is suggested that a principal effect of the toxin is to inhibit, in lung tissue, the regeneration of NAD in the respiratory chain.
It has been shown that virulent anthrax is associated with an inflammatory factor (4, 5) . In a series of papers reporting the development of the chemical or toxin basis for the virulence of Bacillus anthracis, Smith and his co-workers demonstrated that a toxin was present in the blood of guinea pigs dying of anthrax (15) and, subsequently, that there were three components of the toxin (16) . It has been established that the toxicity requires these three components (2, 17, 18) . Although the toxin has been demonstrated and its consequences examined, little is known about its mechanism of action. Slein and Logan (14) have reported on changes in certain serum components occurring after administration of the toxin. Nordberg et al. (13) have reported on the pathophysiology of anthrax, and Beall and Dalldorf (1) have reported on the fine structural changes occurring after injection of the toxin, as well as on the protective effects of several drugs.
It has been demonstrated (7, 9) that Fischer 344 rats are remarkably sensitive to the toxin produced in vitro (10, 18) . When the toxin-injected rats react to this stress, there is obvious, critical lung involvement. Large amounts of frothy, reddish fluid exude from the nostrils.
When the lungs are examined, exudate appears in the trachea and bronchi. The lungs become heavy and dark purple. The blood vessels of the lungs are severely congested, and the alveoli are filled with edema fluid (1, 11) . Thus, it was decided to study the biochemical lesion in this organ. In a previous report (8) , we showed that the oxygen consumption (Qo2) of lung tissue taken from Fischer 344 rats, injected with anthrax toxin, was reduced, and that enzymes dependent on nicotinamide adenine dinucleotide (NAD) were involved. This paper provides additional information on the metabolic and enyzme changes brought about by anthrax toxin.
MATERIALS AND METHODS
Male Fischer 344 rats, weighing 225 + 25 g, were used throughout. Experimental animals were injected intravenously, via the ventral penal vein, with 2 to 3 ml of sterile growth medium containing 1 unit per ml of anthrax toxin, which was prepared by the method of Thorne et (8) , it was reported that sterile growth medium, inactivated toxic medium, or saline had no effect on the Qo2 and they did not cause death. During the time of the present studies, other workers in these laboratories confirmed these findings, which will be part of a separate report. Thus, as in the reported work, salineinjected rats were used as controls. The rats were rendered unconscious by a blow to the base of the skull and then sacrificed by opening the chest and abdomen and removing the tissues. The tissues studied were lung, liver, kidney, spleen, and brain. Dry weight was determined by transferring tissue brei to small tared beakers and drying at 110 C for 18 hr.
Oxidative metabolism was determined by the manometric technique of Warburg, as described by Umbreit et al. (19) and reported in detail by us previously (8) . NAD Because we had previously proposed that the observed depression was due to lack of NADrelated enzymatic activity, the NAD content of the lungs was measured. The results of these experiments are summarized in Table 2 . It is quite apparent that the concentration of the coenzyme was markedly reduced. To determine whether this decrease might be the limiting factor, NAD was added as indicated in Table 2 . The added coenzyme returned Qo2 to the control value. These results support our previous hypothesis that the observed depression was the result of decreased activity of enzymes requiring NAD.
If this coenzyme were generally reduced, one might expect that the pyruvate-lactate equilibrium, as demonstrated by the concentration of these two metabolites in the blood, would be upset. The data in Table 3 indicate that this does, indeed, happen. The concentration of the blood (7, 12) , that, when the animals become hypoxic because of the decreased gas exchange in the lungs, they shift toward an anaerobic type metabolism. The production of energy through glycolysis requires the increased utilization of the NAD formed in the production of lactic acid from pyruvate for the conversion of 3-phosphoglyceraldehyde to 1,3-diphosphoglyceric acid and reduced nicotinamide adenine dinucleotide (NADH2) with the subsequent production of adenosine triphosphate (ATP). In this way, the increased level of lactate, without a concomitant change in pyruvate, might be explained. This would also cause a further loss of NAD. It appears then that, in the lungs, the limiting step may be the reoxidation of NADH2 by the respiratory chain. Since the utilization of succinate (8) has not been impaired, the pathway through succinic dehydrogenase (a flavoprotein) to the final oxidation by 02 taking place in the mitochondria must be functioning normally in the lungs. Therefore, it is felt that steps involving the reoxidation of NADH2 derived from substrates other than succinate, possibly through lipoic acid or in the microsomes (6, 20) involving cytochrome b5 or cytochrome c reductase, have been affected. This could lead to an inability to maintain cellular integrity with the resulting capillary fragility, edema, and lung involvement.
